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AbstI'ad:
Objective: Long-term pain is a common sequela of thoracotomy, occurring in
approximately 50% of patients 2 years after thoracic surgery. Despite this
alarming statistic, little is known about the factors responsible for the transition
of acute to chronic pain. The aim of the present study is to identify predictors
of long-term post-thoracotomy pain.
Design: Follow-up was for 1.5 years for patients who had participated in a
prospective, randomized, controlled trial ofpreemptive, multimodal analgesia.
Setting: Subjects were recruited from a tertiary care center.
Patients: Thirty patients who had undergone lateral thoracotomy were fol-
lowed up by telephone, administered a structured intesview, and classified
according to long-term pain status.
Main Outcome Measures: Present pain status was measured by a verbal rating
scale (VAS). Measures obtained within the first 48 h after surgery were com-
pared between patients with and without pain 1.5 years later. These include
VAS pain scores at rest and after movement, McGiU Pain Questionnaire data,
patient-controlled morphine consumption (mg), and pain thresholds to pres-
sure applied to a rib contralateral to the thoracotomy incision.
Results: Fifty-two percent of patients reported long-term pain. Early post-
operative pain was the only factor that significantly predicted long-term pain.
Pain intensity 24 h after surgery, at rest, and after movement was significantly
greater among patients who developed long-term pain compared with pain-free
patients. A significant predictive relationship was also found at 24 and 48 h
using the McGill Pain Questionnaire. Cumulative morphine was comparable
for the two groups. Pain thresholds to pressure applied to a rib contralateral to
the incision did not differ significantly between the groups.
COnclusion: Aggressive management of early postoperative pain may reduce
the likelihood of long-term post-thoracotomy pain.
Key Words: Thoracotomy-Long-term pain-McGiU Pain Questionnaire.
Post-thoracotomy pain syndrome is defined as an
aching or burning pain that persists or recurs along
a thoracotomy scar at least 2 months after surgery
(1). It is estimated that half of all patients still alive
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1-2 years after thoracotomy will suffer with persis-
tent chest wall pain (2). Despite this alarming rate,
very little is known about the factors that mark the
transition from time-limited pain to chronic, patho-
logical pain.
Recent progress in the area of acute pain mech-
anisms suggests that high-intensity. noxious stimu-
lation sufficient to activate C-fiber afferents may set
the stage for long-term pain. Experimental models
ofneuropathic pain show that while both peripheral
and central nervous system (CNS) mechanisms
play significant roles in initiating nociceptive behav-
ior, altered CNS processing appears to be respon-
sible for its maintenance (3-5). Clinical evidence
that CNS plasticity contributes to persistent pain
comes from studies of amputees who complain of
phantom limb pain that resembles a painful pream-
putation lesion (6,7). Additional evidence indicates
that male neonatal circumcision is associated with a
greater response to vaccination several months
later (8). Conversely, blocking the afferent barrage
induced by surgical incision and other noxious peri-
operative events reduces postoperative pain inten-
sity (3,9). Preincisional epidural administration of
an opioid (lO) or local anaesthetic (It) and preinci-
sional i.v. administration of morphine (l2) are more
effective in reducing postoperative pain and/or an-
algesic requirements than postincisional administra-
tion of the same agent by the same route. Taken
together, these studies suggest that traumatic pe-
ripheral injuries trigger long-lasting changes in the
CNS which may underlie the transition from acute
to chronic pain (13,14).
The aim of the present study was to evaluate the
relationship between early postoperative pain and
long-term post-thoracotomy pain. Patients who par-
ticipated in a prospective, randomized study (15)
comparing preemptive multimodal analgesia with a
placebo control condition were contacted approxi-
mately 1.5 years after thoracotomy and interviewed
about the presence or absence of long-term pain. In
the original study 05}, use of preemptive multimo-
dal analgesia during surgery was not found to be
more effective than the placebo in reducing the in-
tensity of acute postoperative pain. Notwithstand-
ing these negative findings, we were interested in
evaluating the relationship between early postoper-
ative pain intensity and long-term post-thoracotomy
pain. We hypothesized that acute postoperative
pain intensity would predict long-term post-thorac-
. otomy pain.
METHODS
The study was approved by The Toronto Hospi-
tal Committee for Research on Human Subjects.
Written informed consent was obtained from all pa-
tients. Baseline preoperative Beck Depression In-
ventory (BDI; 16) and Spielberger (17) state
(STAI-S) and trait (STAI-T) anxiety assessments
were completed the day before surgery. Pre- and
postoperative pain thresholds to pressure were as-
sessed in Ib/in2 (PSI) using an algometer (Pressure
Threshold Meter; Pain Diagnostics and Thermogra-
phy, Great Neck, NY, U.S.A.) on the skin overly-
ing the lateral aspect of the fifth or sixth rib contra-
lateral to the (proposed) incision.
A visual analogue scale (18) was used to assess
postoperative pain intensity at rest (VAS-R) and af-
ter movement (VAS-M). Pain was also assessed
with the McGill Pain Questionnaire (MPQ; 19). A
patient-controlled analgesia (PCA) infusion pump
(Abbott Life Care II Infuser, Chicago, IL, U.S.A.)
was set to deliver a 1.5-2.0 mg i.v. bolus dose of
morphine with a lockout time of 6 min, a maximum
dose of30 mg in any 4 h period, and no background
infusion. No other analgesics were provided during
the 72 h study period.
Patients were contacted by telephone approxi-
mately 1.5 years after surgery by a research assis-
tant who was unaware of the purpose of the study.
A standardized questionnaire was administered to
each patient assessing the absence or presence and
intensity of pain in the region of the thoracotomy
scar at rest and after movement. All patients report-
ing pain rated it on a 0-10 verbal rating scale (VRS).
Patients were assigned to one of two groups based
on the presence or absence of long-term post-thora-
cotomy pain.
Demographic and clinical variables were ana-
lyzed by unpaired t test (parametric data) and X2 test
(frequency data). VAS-R, VAS-M, and MPQ scores
were analyzed by the Mann-Whitney U test. Pain
thresholds were analyzed by two-way repeated
measures analysis of covariance. Cumulative mor-
phine consumption was analyzed by unpaired t test.
Correlations between demographic/clinical vari-
ables and postoperative pain were calculated by the
Pearson (parametric) or Spearman (non-parametric)
method using Bonferonni's type I error rate correc-
tion. The value p < 0.05 was considered statistically
significant.
RESULTS
Of the 30 patients enrolled in the study approxi-
mately 1.5 years earlier, 23 (77%) were contacted
and interviewed by telephone, three (lO%) had
died, and four (l3%) could not be reached. Eleven
of the 23 patients (48%) from whom follow-up in-
formation was obtained reported being pain-free.
The remaining 12 patients (52%) reported that they
continued to suffer from post-thoracotomy pain on a
daily or weekly basis. The typical description was
1
I
~
TABLE 1. Demographic characteristics and clinical
variables at the time of surgery for patients with or
without pain 1.5 years later
of a dull, aching or burning pain situated in the chest
wall. Mean VRS pain intensity (±SD) was 3.3
(:!: 1.6). Patients with or without long-term pain
were similar on demographic characteristics and
clinical variables (shown in Tables 1,2; all p > 0.05,
t test or X2).
Early postoperative pain was the only factor that
significantly predicted long-term pain. Pain inten-
sity on the first day after surgery, both at rest (Fig.
lA) and after movement (Fig. IB), was significantly
greater among patients who developed long-term
pain compared with those who did not (all p < 0.03,
Mann-Whitney U test). A significant predictive re-
lationship was also found for pain on postoperative
days 1 and 2 as measured by the MPQ (fable 3). In
addition, a greater proportion of patients who sub-
sequently developed long-term pain endorsed more
MPQ adjectives on days 1-3 after surgery than did
pain-free patients (Table 4). Cumulative morphine
consumption (Fig. 2) was virtually identical for the
two groups (p > 0.05, t test), indicating that the
differences in pain were not mediated by postoper-
ative analgesic usage.
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Scores on the BDI, STAl-S, and STAI-T were
comparable for the two groups (all p > 0.05, t test),
suggesting that these psychological factors did not
differentially influence the experience or reporting
Time after surgery (h)
FIG. 1. Visual analogue pain scores at rest (A) and after
movement (B) on postoperative days 1-3 shown for patients
with and without long-term post-thoracotomy pain. 'p < 0.03.
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Long-term pain
(n = 12)Characteristic/variable
Multimodal analgesia (n)
Male:Female (n)
Months since surgery (±SD)
Age at surgery (yr ± SD)
Weight (kg ± SD)
Blood loss (ml ± SD)
Surgery duration (min ± SD)
Total O.R. fentanyl (j.l.g ± SD)
Frequency of diagnosis
Pulmonary neoplasm
Hiatus hernia
Frequency of procedure
Lobectomy
Pneumonectomy
Esophageal surgery
TABLE 2. Mean preoperative depression and anxiety
scores (±SDJfor patients with or without pain 1.5
years after surgery
TABLE 3. Total pain rating index (PRI-T) from McGill
Pain Questionnaire (±SD) on post-operative days 1-3
for patients with or without pain 1.5 years after surgery
VariableQ Long-term pain Pain-free PRI-T Long-term pain Pain-free
BD!
STAI·S
STAI-T
5.6 (4.8)
44.3 (6.8)
36.3 (10.0)
8.3 (4.6)
37.1 (9.8)
39.6 (l0.5)
24 h
48h
72h
28.0a (1104)
23.1 a (6.7)
23.6 (12.7)
14.4 (8.7)
9.3 (9.0)
15.2 (13.0)
Q BDI. Beck Depression Inventory; STAI-S and STAI-T
Spielberger state and trait anxiety assessments, respectively.
Q Significantly different from the pain-free group by Mann-
Whitney U test (p < 0.007).
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TABLE 4. McGil/ Pain Questionnaire (MPQ) descriptors chosen by more than one-third ofpatients in the two groups
Time MPQ MPQ Long-term pain Pain-free
(h) class descriptor (%) (%)
24 Sensory Stabbing 42
Hot 50
Sore 40
Tender 50 60
Affective Tiring 67 70
Sickening 58
Fearful 50
Evaluative Annoying 42
Miscellaneous Tight 42
Nagging 42
48 Sensory Sharp 44 38
Pinching 56
Wrenching 44
Tingling 44
Itchy 44 38
Sore 44 50
Tender 56
Affective Tiring 89 38
Evaluative Annoying 67
Miscellaneous Penetrating 67
Tight 42
72 Sensory Sharp 40
Itchy 40
Aching 60
Tender 50
Affective Tiring 80 60
Miscellaneous Tight 40
Numb 60
Nagging 50
of pain. Pre- and postoperative pain thresholds (Ta-
ble 5) did not differ significantly for the two groups.
Thus, the differences in postoperative pain were not
due to a generalized response bias to noxious stim-
ulation since pain thresholds to pressure were sim-
ilar when postoperative pain intensity differed. Pain
did not correlate significantly with any demographic
or clinical variable.
DISCUSSION
This prospective study is the first to provide clear
evidence of a significant predictive relationship be-
tween the intensity and quality of acute postopera-
tive pain and the development of chronic post-tho-
racotomy pain. Patients who reported pain more
than 1.5 years after surgery could be distinguished
from their pain-free counterparts by the intensity of
pain experienced as early as 6 h, and up to 2 days,
after surgery.
Acute post-thoracotomy pain arises from multiple
sources, including the wound proper, disruption of
TABLE S. Mean pre- and postoperative pain thresholds
(PSI ± SD) for patients with or without pain 1.5 years
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FIG. 2. Cumulative patient-controlled morphine consump-
tion on postoperative days 1-3 shown for patients with and
without post-thoracotomy pain 1.5 years after surgery.
Variable
Preoperative
24 h postoperative
48 h postoperative
Long-term pain
10.7 (2.1)
8.9 (2.3)
9.5 (2.2)
Pain-free
8.8 (2.6)
8.1 (2.4)
8.8 (2.1)
ribs and intercostal nerves, inflammation of chest
wall structures adjacent to the incision, incision or
crushing of pulmonary parenchyma or pleura, and
thoracostomy drainage tubes (20). The precise
mechanisms cannot be identified, but we suspect
that perioperative intercostal nerve damage (e.g.,
nerve crush during rib retraction or nerve constric-
tion when suturing) is responsible for the height-
ened postoperative pain as well as the long-term
neuropathic. pain.
The finding that morphine consumption on post-
operative days 1 and 2 was comparable for the
groups despite significant differences in pain indi-
cates that patients may have been titrating mor-
phine to some effect other than pain (e.g., sedation,
nausea, personal control). More importantly, it sug-
gests that the acute postoperative pain among pa-
tients who later developed long-term pain may not
have been as responsive to morphine, a finding con-
sistent with certain other neuropathic pains (21).
The key role in central nociceptive processing
played by the N-methyl-D-aspartate (NMDA) excit-
atory amino acid receptor raises the possibility that
NMDA antagonists (e.g., ketamine and dex-
tromethorphan) may be a useful adjunct (22).
Whether aggressively treating early postoperative
pain (e.g., with continuous epidural local anesthe-
sia) will diminish the likelihood of long-term pain is
not known, but it is a logical first step toward iden-
tifying factors responsible for the transition of
acute, physiological pain to chronic, pathological
pain.
One limitation of the present study is that patients
were not examined for recurrence of malignant dis-
ease. Thus, the 52% rate of occurrence of long-term
post-thoracotomy pain may be an inflated estimate
ofthe true incidence. However, this seems unlikely
based on a survey of patients who were disease-free
at the time of interview, which found that 54% con-
tinued to suffer from thoracotomy pain more than 2
years aftenurgery (2). In addition, without a phys-
ical examination at follow-up, we are not able to
specify the extent to which abnormal peripheral or
central neural processes contribute to the pain. An-
other limitation is the small sample size, notwith-
standing the prospective design and high percentage
of patients reached for follow-up. Generalization to
the larger population of posHhoracotomy patients
may be limited. In this regard, a larger prospective
study would be useful in determining the relation-
ship between acute postoperative pain intensity and
the development of long-term post-thoracotomy
pain.
In summary, the results of the present study
show that long-term pain 1.5 years after thoracic
surgery was predicted by the intensity of pain
within the first day after surgery. Acute postopera-
tive pain was significantly more intense among pa-
tients who developed long-term pain compared with
pain-free patients. Intercostal nerve damage may be
responsible for both the enhanced pain shortly after
surgery and the long-term pain. The role of poorly
controlled acute pain in the development of long-
term pain requires further study. These results
point to the importance of aggressively managing
acute postoperative pain not only for the immediate
benefit of relieving pain but possibly also to disrupt
the peripheral and central neural processes respon-
sible for the transition to chronicity.
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